The aim of this study was to compare postoperative drainage volumes and IMA levels in patients who underwent modified radical mastectomy (MRM) with using PlasmaBlade (PB) or electrocautery (EC). A total of 36 patients who underwent MRM with PB or EC in our clinic between August 2012 to February 2013 were enrolled. Number of removed and positive lymph nodes, duration of drainage and total drainage volume was recorded. Seroma formation after drain removal and number of aspirations were also recorded. Serum ischemia modified albümine (IMA) levels were analysed before surgery, 1 hour and 24 hour after surgery. In total, 36 patients were treated with MRM in the study period. Of the 36 patients, 16 underwent MRM with PB, and 20 underwent MRM with EC. The patients demographics were similar in both groups. The mean drainage volume and seroma formation were significantly higher in the PB group when compared with EC group (P<0.05). Number of aspirations due to the seroma were also high in PB group. The total aspiration volume of seroma was not different in both groups. IMA levels 24 hours after surgery in the PB group was significantly higher than EC group. There was no statistical significance between the groups for IMA levels at 1 st hour. PB is a monopolar energy device and is associated with increased levels of ischemia. This situation resulted with an increased volume of total axillary drainage and elevated risk of seroma formation.
Introduction
Worldwide, it is estimated that more than one million women are diagnosed with breast cancer every year, and more than 410,000 will die from the disease and it is the second leading cause of cancer death among women. 1 Surgery is considered the main treatment option for breast cancer and seroma is one of the most common complication developing after surgical therapy. At the postoperative period, suction drains is routinely used to remove the fluid accumulation in the axillary space. Nevertheless, prior to the appropriate reduction in drainage volume removal of drains may result in seroma formation. Seroma was defined as a serous fluid collection that develops under the skin flaps or in the axillary dead space after axillary dissection. 2 Seroma formation can be seen more than 50% in patients with axillary lymph node dissection. [3] [4] [5] [6] Although seroma is not life threatening complication, it can lead to significant morbidity (e.g. flap necrosis, wound dehiscence, predisposes to sepsis, prolonged recovery period). However, formation of seroma does not lead to delay of adjuvant therapy. 7 Fluid collection can be managed in several weeks, by repeated needle aspiration to seal the skin flaps against the chest wall. 8 Age, tumor size, surgical technique, the use of electrocautery (EC), preoperative chemotherapy and many other factors may affect the seroma formation. [9] [10] [11] It is claimed that, the use of EC increases seroma formation due to the tissue ischemia. 12 PEAK PlasmaBlade (PB) (Peak surgical inc. CA,USA), is an electrosurgical device that uses radiofrequency energy in short pulses via an insulated cutting electrode, and creates an effective cutting edge while the blade stays near body temperature. This feature of the device is presented as a factor which reduces tissue ischemia. 13 Ischemia-modified albumin (IMA) has emerged as a sensitive biomarker in the evaluation of tissue ischemia, and was used in many ischemic conditions such as myocardial ischemia, skeletal muscle ischemia, pulmonary embolism, and stroke. [13] [14] [15] [16] To the best of our knowledge, there are no studies showing whether this increases after axillary dissections during mastectomy.
In this study; we aimed to evaluate postoperative drainage volumes and IMA levels at patients who underwent modified radical mastectomy (MRM) with using PB or EC.
Materials and Methods
Between August 2012 to February 2013, consecutive patients who underwent MRM for unilateral, locally advanced primary breast cancer (T2 or T3) were included in the study. The study was approved by the local ethical committee. Signed and informed consent was obtained from all patients by the responsible surgeon. The study was designed as non-randomised prospective study. The type of procedure to be performed was selected according to surgeons choice. The exclusion criteria were as follows: Patients with early breast cancer, history of previous breast or axillary surgery, uncompensated diabetes, advanced liver disease, severe obesity and history of neoadjuvant chemotherapy. Patients who underwent breast reconstruction were not included in the study.
Following medical evaluation, the patients were admitted to the hospital on the day of surgery. Operations were performed by the same surgical team in all cases. Two type electromechanical devices were used during surgery to reduce blood loss and operating time. In 20 of patients, preparations of skin flaps, and excision of the all breast tissue was performed with EC (Valley Lab TM diathermy power of 50 watt). Only those vessels larger than 5-mm in diameter were ligated with suture tie in axillary region. In 16 of patients, dissection was performed with PB. Two closed suction drains were placed in the dissection area. One was placed in the axilla and the other was laid under inferior skin flap. At the end of the operation, all wounds were covered with dry and sterile gauze. The pressure dressing consisted of a circumferential wrap using two 15 cm elastic bandages. The same surgical technician applied the dressing to ensure the equal degree of pressure in each patient. The pressure dressing remained in place until postoperative day 3. The amount of drainage was recorded after each shift. The drains were removed after the drainage volume decreased to less than 30 mL/day. The total volume of drainage and the number of days with a drain were recorded. All of the patients were discharged from the hospital after drain removal and were followed up weekly for 1 month. Clinically or sonographically (on routine postoperative ultrasound evaluation) detected seroma was recorded. The number of aspiration, and the total aspiration volume were also recorded. Delayed arm motion was encouraged in all patients after surgery. Patients' followup datas were obtained from hospital charts, clinic charts, and operative reports. The data included demographics, American Society of Anesthesiologists (ASA) class, body mass index (BMI), diagnostic data, operative time and mean hospital stay. Postoperative pathologic variables including axillary lymph nodes status was also recorded.
Blood collection
Blood samples were drawn before operation and 1 hour and 24 hours after the operation. Blood samples were collected directly into serum separator tubes (Greiner, bio-one VACUETTE ® ). After coagulation, centrifugation process at 1,500 g for 10 min was performed. Sera were separated, and kept frozen at -70˚C until analysis.
Measurement of ischemia-modified albumin
Serum albumin levels (g/dL) using the colorimetry method were assayed with Advia 2400 unit (Siemens, Tarrytown, USA). The levels of serum IMA were analyzed using the rapid and colorimetric method developed by Bar et al. 14 The results were reported as absorbance unit (ABSU). The adjusted IMA levels were calculated with the formula suggested by Lippi et al. 15 Albumin-adjusted IMA (AdJ-IMA) levels expressed as individual serum albumin concentration/median albumin concentration of the population x IMA value.
Statistical analyses
SPSS (version 15.0) was used for the statistical evaluation of the data. Categorical variables were analyzed by chisquare test; continuous variables were analyzed by the Mann-Whitney U test.
Statistical significance was defined as a P value less than 0.05.
Results
During the study period, 54 patients were surgically treated for breast cancer. Eighteen patients were excluded from the study. The remaining 36 patients who underwent MRM were enrolled in the study. All patients were female and had invasive ductal carcinoma of breast. In 20 of patients, dissection was performed with EC. In the remaining 16 patient's, dissection was performed with PB. Of the 36 patients, mean age was 53.5 years (range, 40 to78 years), mean body mass index (BMI) was 32.4 kg/m 2 (range, 28.1 to 39.4 kg/m 2 ). The comparison of patient characteristics are given in Table 1 
There was no statistically significant difference in mean IMA levels between two groups in the preoperative period and 1 hour after operation. But, IMA levels at 24 hours after operation was higher in the PB group than EC group (P<0.05) ( Table 2) . Also, total wound drainage was higher in the PB group than EC group (P<0.05). The mean number of days with drain was found to be similar at comparison of the two groups (P>0.05). Patients operated with PB had more seroma aspirations than EC group, this difference was statistically significant (P<0.05) ( Table 3) . But, the total aspiration volume of seroma was not different in both groups. Intraoperative or early postoperative complication was not observed. Discussion MRM with axillary dissection using EC is frequently associated with complications such as seroma, hematoma, prolonged axillary drainage, wound infection or necrosis, and intraoperative and postoperative bleeding. [3] [4] [5] [6] Therefore, many studies have been performed by using various electrosurgical device to reduce this complications. [17] [18] [19] [20] [21] In addition, it is demonstrated that the use of EC increases the incidence of seroma formation. 22 Therefore, the use of different energy sources has become widespread to prevent ischemia. Studies have been shown the efficacy of bipolar devices such as ultrasonic scissors and electrothermal bipolar vessel sealing systems to reduce the seroma formation. 19, 21 However, PB is a monopolar energy source, and coagulates the vessels with the heat generated by radiofrequency. The PB's working principle is similar to electrocautery. Monopolar energy sources creates high temperature to close the bleeding vessels, this heat leads to tissue ischemia and necrosis. The burned surface area increases subsequent inflammation and fluid sequestration into newly created tissue planes, which leads to seroma formation postoperatively and increases the risk of other complications, such as infection. 22 Ruidiaz et al. demonstrated that the skin incisions of PB can reduce acute thermal injury depth, inflammatory response, and scar width in healing skin compared with electrosurgery. However, the effect of devices in deep tissue has not been evaluated histologically. Ruidiaz et al. reported that the clinical course of healing and time to drain removal was not different in PB and EC groups. Isık F. was addressed to this issue in a letter to the editor. 22 Nevertheless, our results showed the use of PB increase the total volume of drainage, and we believe that this increase resulted from tissue ischemia. Because the IMA levels that is indicative of ischemia were significantly higher in PB group. Ultrasonic scissors and electrothermal bipolar vessel sealing systems are bipolar equipments unlike PB, hence they may reduce the axillary drainage volume via the complete closure of the lymphatic vessels. In addition, PB creates less heat in cutting area and this may also lead to not enough closure of lymphatic vessels. This is a different issue to be dealt with another prospective studies.
Article
In the present study, we have evaluated the effect of two different energy sources on seroma formation by using a biomarker of ischemia. But, there is a limitation of this study that the choice of surgical technique to be used was based on subjective estimation of the responsible surgeon. The study groups are also not randomized. These limitations should be kept in mind while evaluating the study results.
The volume of drainage after MRM correlates with BMI, number of both total and positive nodes, and size of the tumor. 21 In our study, all demographics and tumor characteristics were similar in both groups, although a significantly difference were determined in total drainage volume. This difference could be regarded as a sign of tissue ischemia.
IMA was first introduced as a serum biomarker and increase of IMA levels in patients with acute coronary syndrome has been used for an early marker of myocardial ischemia. 23 However, increased IMA concentrations do not seem to depend purely on myocardial involvement. Serum IMA levels were found to be increased in non-myocardial ischemic conditions such as skeletal muscle ischemia, stroke, and pulmonary thromboembolism. 16, 24 The cobalt-binding capacity of albumin reduces, because of oxidative free radicals during ischemia and this new chemically changed albumin can be measured with albumin cobalt binding test. High values of IMA are closely related to ischemia. In this study, IMA values of 1 th hour were similar in both groups. However, IMA levels at 24 hours after operation was significantly high in the PB group than EC group. These findings indicates that PB was created more ischemia.
Shoulder dysfunction is a common complication of axillary dissection and it is necessary to mobilize the shoulder early. However, early shoulder mobilization could lead to increased seroma formation. In Shamley and colleagues systematic review of 12 randomized controlled trials showed that a delayed shoulder exercise program reduces seroma formation (odds ratio, 0.4; 95% confidence interval, 0.2-0.5; P=0.00001), and no differences were found for drainage volume or hospital stay. 25 Therefore, we recommend the delayed shoulder exercise program in our clinic, and all patients were subjected to delayed physiotherapy program.
The use of closed suction drainage has been a common practice to obliterate the dead space created after axillary dissection, it also decrease the incidence of wound infection, necrosis, and seroma formation. 26 Patients could be discharged with drains without complications associated with early discharge or drain displacement. 27 In our clinic, we used two closed suction drains one under the mastectomy flap and one in axillary space and all patients were discharged from the hospital after drain removal to keep from the concern of patients including personal care, dressing, pain and worries about the wound. Dogan and colleagues reported that Plasmakinetic cautery reduces the drainage period and total drainage volume compared to electrocautery. But in this study, a parameter to measure the rate of ischemia has not been studied. The duration of drainage was similar to our study, although total drainage volume is very high when compared with the literature. 19, 20 
Conclusions
The use of PB in MRM is associated with more ischemia and this situation resulted with an increased volume of total axillary drainage. PB is not a good alternative of EC for prevention of seroma formation. Although both techniques had similar complication rates, PB caused more ischemia. Prospective studies with histological evaluation are necessary to demonstrate the true result of deep tissue ischemia.
